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Hydraulic Loading Rate (HLR) and water depth in B sectors were fixed from previous experiences 140 in TPCW (Martín et al., 2013; Rodrigo et al., 2013) and according with the design of each CW. The 141 size of different sectors, vegetation cover and hydraulic conditions such as HLR and hydraulic 142 retention time (HRT) are specified in Table 1 . Inflow from l'Albufera Lake was continuous in TPCW 143 because it was designed to be a gravity-fed system. Inflow was intermittent in TMCW and TLICW 144 because they were pumping-fed and the capacity of the pumps exceeded the daily fixed flow, so the 145 pumps worked continuously only 7-9 hours per day. The pumping was by night to take advantage of 146 low daily electricity tariffs.
148
In the water mass balance, evapotranspiration is an important environmental factor that tends to 149 concentrate the dissolved substances. Data were not directly measured but taken from a close 150 meteorological station of the regional agricultural research center (IVIA, http://riegos.ivia.es).
152
The inlet mass loading (IML), mass removal rates (MRR), annual mass removal efficiencies (MRE) 153 were calculated as follows:
154
where Q in is the inflow (m 3 d -1 ), C in is the input concentration (g m -3 ), Q P is the precipitation flow (m 3 155 d -1 ), C P is the atmospheric deposition concentration (g m -3 ), ET is the evapotranspiration (m 3 d -1 ), C out 156 is the output concentration (g m -3 ) and A is the wetland area (m 2 ). These variables were considered
Results and discussion

172
Hydraulics 173 174
In two years, a mean of 3.3 Hm 3 yr -1 have been treated inside CWs from l'Albufera lake. It
175
represents approximately one third of the total volume of l'Albufera lake (21 Hm 3 ) but only a 1% of 176 their total inflows. Inflow control was easier in "pumped" CWs (TMCW and TLICW) than in "gravity" 177 CW (TPCW) because of the changes in water level of l'Albufera; for example, 1 cm in l'Albufera level 178 change the inflow in 600 m 3 d -1 . However, the intermittent pumping produced a discontinuity in flow 179 between consecutive cells across the CW and significant daily water level changes in sector A (up to 180 15 cm) and B (up to 10 cm) in TMCW. Instantaneous flow rate in P4 changes between 0 and 100 l s -1 181 at daily scale (Fig. 1) . This discontinuity let it to work like vertical subsurface system in the first 15 cm 182 and horizontal flow in the 30 cm below.
183
Potential evapotranspiration was 1100 mm yr -1 and it ranges between 1.0 mm d -1 in winter and 6 184 mm d -1 in summer. Precipitation in the study period was 200 mm yr -1 , being lesser than normal (461 185 mm yr -1 ). The CWs suffer an important hydraulic stress and they need a minimum of 700 mm yr -1 .
186
The sum of all water surfaces is 62.6 ha, so approximately a minimum of 0.44 Hm 3 yr -1 , a 13% of total 187 inflow was lost by evaporation.
189
Concentrations
191
Input concentrations to TPCW and TMCW come directly from Albufera lake, whilst for TLICW come 192 from a small lagoon that drains the irrigation water from rice fields. This different origin explains the 193 differences between incoming waters: TSS, particulate COD, TP, TN and Chl a concentrations are 194 higher in the two first CWs whereas soluble COD, and DIN are quite similar.
195
With some exceptions, the concentrations of water quality at the end of CWs are, to a greater or 196 lesser extent, lower than their inputs (Table 2) .
197
Mean TN inflow concentrations are much lower than that found in wastewaters and similar to other 198 eutrophic environments (Dune et al. 2013) , between 2.6 and 4.4 mg N l -1 , but despite of the difficulty 199 of reducing pollutants at low concentrations, it can be reduced to values around 1.2-2.2 mg N l -1 .
200
These values of output TN are close to those obtained by Martin et al. (2013) in TPCWs between 201 2009 and 2011 and it can be considered as the background concentration (C*) of TN in the 202 treatment of eutrophicated waters that can be expected. The minimum values 0.4, 0.5, 0.6, and 1 203 mg N l -1 are in the range of 0.3-0.7 mg N l -1 proposed in the same article for C* in FWSCWs. Values 204 below 0.3 mg N l -1 have never been found.
205
TP is the main concerning pollutant because it is the nutrient limiting in this aquatic ecosystem. All of 206 CWs reduces TP excepting B sector in TMCW because its input concentration is close to background et al. (2008) found mean effluent concentrations 0.052±0.03 mg P l -1 using HSSF and 0.103±0.03 mg 210 P l -1 using FWS. According to these results, it seems quite difficult to reduce even more TP with a 211 FWS sector if there is a previous HSF, especially considering that this FWS sector hardly has 212 vegetation cover. Rather, the resuspension of sediments by wind, fishes and aquatic avifauna in PO 4 3-) = 0.0029 TSS + 0.0547 (r 2 =0.65, n=138). This expression means that an average increase of 9.2 216 mg TSS l -1 accounts for an increase of 0.027 mg P l -1 and a mean output value of 0.115 mg P l -1 which 217 is quite close to mean value 0.126 mg P l -1 (9.6%).
218
Phytoplankton, measured through the concentration of pigment Chl a, reach input concentrations 219 higher than 200 µg Chl a l -1 , typical values in hypertrophic aquatic ecosystems. One of the main 220 successes is that this C in was reduced to mean values in the range of 15-30 µg Chl a l -1 , but more 221 important finding is that a 59% of the values in B sectors are below 25 µg Chl a l -1 which can be 222 considered as a threshold value (OCDE, 1982) between eutrophic and hypereutrophic ecosystem.
223
This represents a significant improvement because only a 6% of the values in inflow were below this 224 limit. The results in sector A were significantly better: a 77% of the values were below 25 µg Chl a l -1 225 and 34% were below 8 µg Chl a l -1 , limit between eutrophic and mesotrophic ecosystems. The total 226 dark conditions and the interception mechanism inside the substrate of HSSFCW are effective in 227 phytoplankton death and settling, do not depend on vegetation cover, and it is not affected by 228 climatic variables like wind nor biological disturbances by aquatic birds or fishes.
229
The main exception in reducing concentrations concerns to organic matter. Organic matter is 230 difficult to reduce in such FWSCWs by several reasons, but all of them closely related with 231 vegetation cover. For example, the increase in B-TMCW, a very poorly vegetated wetland, is 232 explained by resuspension of sediments and wildlife loads. The organic matter in sediments is about 233 25 g C kg -1 (Table 7) , so an increase of 10 mg l -1 produces an increase of 0.7 mg COD l -1 . The increases 
241
The provisional conclusion is that sector A is the better (in terms of physicochemical variables) and it 242 works so well that is difficult to obtain water quality improvements with surface sectors behind it.
243
However to conclude anything about what is better or poorest is mandatory to calculate efficiencies 244 in terms of mass removal because it takes into account the evapotranspiration and atmospheric 245 loads.
247
Mass loading and mass removal rates
249
The origin of mass loading to CWs is mainly water from l'Albufera but also atmospheric deposition 250 and internal loads from sediment resuspension and litter decomposition. The results of atmospheric 251 loading rates for TP, shown in 
264
Previous studies stated that the main parameters influencing the removal rate and efficiency are the 265 input concentration, the HLR and the vegetation cover (Oliver et al. 2016) . In this study, the removal 266 efficiencies are highly variable depending on vegetation cover, HLR and input concentrations, 267 excepting for TN ( Figure 2 ).
268
In the range of HLR between 9.12 and 54.75 m yr -1 , TN is always reduced in any CW, from a minimum 269 of 30% to a maximum of 75%. These high efficiencies are related with the high efficiencies in 
283
Negative values of removal percentage mean that pollutant mass increase inside the CW, for 
296
By sectors, the A sector is the most efficient system for all the variables when the HLR is in the upper 297 range (>18.25 m 3 m -2 yr -1 ) and, consequently, is the system that can remove more quantity of 298 pollutant per time unit. It should be pointed out that fully vegetated B sector brings similar efficiency 299 results, but at lower HLR, and also lower inlet mass loading rates (see values above the bars in Figure   300 2). Finally, A sector is the only that can ensure high removal percentages of phytoplankton, around 301 80%, at high HLR. Removals in B sectors are lower than 55%.
Given that the input concentration (C in ) and HLR have been observed to be the main influencing 304 parameters, multiple linear regression models were developed as a management tool for this type of 305 system, allowing us to know the rate of elimination of nutrients and suspended solids from these 306
parameters. An additional objective of the model development is to see if there are differences 307 between the FWSCWs and the HSSFCW. Indeed, the models obtained differ notably among the type 308 of CW ( Figure 3 , Table 4 ). In general, the models fit the data better for the A sector, as can be seen in 309 Figure 3 , with high values of R 2 coefficients (Table 4 ). The MRR are also higher than that obtained for 310 the B sectors, except for TP which is removed at a lower rate in the subsurface sector because the C in 311 is low (0.17 mg L -1 ). This better fitting of sector A is related with the fact that the performance of this 
323
Another approach that allows us to make useful comparisons among CWs is the calculation of the 324 first-order kinetic constants from of k-C models (Kadlec and Knight, 1996) . In this case, this model is 325 of limited applicability because many times the wetlands were not sinks but sources of substances.
326
More detailed mechanistic models are being developed both in subsurface (Samsó and García, 2013) 327 and surface (Gargallo et al. 2016 ) to design and operate CWs, but K-C models are still interesting to 328 have a first approximation to CWs functioning. According to this, the k A has been calculated from 329 two data sets: the first consist by those whose output concentration is lower than input 330 concentration (named removal data); the second set includes all the data and are corrected to 20ºC 331 (Tables 5 and 6 ).
332
The results show clearly that HSSFCW k A constants are several times greater than in FWSCWs,
333
confirming that this typology is the most adequate to improve the physicochemical variables of 334 eutrophic waters.
335
Considering only the k A obtained from removal data, similar values can be observed in all FWSCWs.
336
It means that when this type of CWs reduces these pollutants, the rate is quite similar. But when 337 percentage of removal data is low (around 50% or less) the total k A is lower, reflecting the fact that 338 the CW produces this pollutant many times. It occurs mainly in low-medium vegetated surface 339 wetlands with TSS, TP, COD and Chl a. As lower the vegetation cover is, more intense is the 340 resuspension by wind and wildlife. For example, the k A values for TSS increases from 10 or lower to 341 20 m yr -1 in highly vegetated B sectors, and almost all output values are lower than input, because 342 this the dense habitat is less suitable for "highly resuspending birds" like flamingoes, wading birds, 343 some ducks, and others. HSSFCW is not affected by these external pressures and consequently it 344 needs between 6 and 10 times less surface to obtain the same output TSS concentration.
can be also noted that k A value in HSSF is also higher than but not as high as it was for the others 349 variables, especially in DIN. It means that processes that reduce inorganic nitrogen are quite similar 350 in both types of CWs and external factors are not as limiting.
351
A differentiated analysis must be done for COD because the removal of COD in FWSCWs in unclear 352 ( 
364
Comparison of k A values in FWSCWs with obtained in previous studies in TPCW (Martin et al., 2013) 
365
shows that current values are 5-10 times lower than those obtained in 2009-2011 period. This 366 tendency to decrease the rate has been studied before (Kadlec, 2009 ) and in this case it is attributed 367 to the high efficiency in 2009-10 periods because their high density vegetation and the P-sorption 368 process, the aging of the vegetation and the lack of harvesting between 2010 and 2015.
369
The role of CWs in the reduction of the hypereutrophic status of l'Albufera is rather limited. As part 370 of the project, several water quality models, not showed here, are being used to asses this impact.
371
Nevertheless, a first approach made throughout a mass balance between inlets and outlets gives an 372 accumulation of approximately 25000 kg TP yr -1 . The CW removed from the Lake water 300 kg TP yr -373 1 , which represents a 1.2%. Therefore, the 73 ha of CWs by themselves are not able to recover the 374 clear state with submerged macrophytes predominating 50 years ago, but they offer a 375 complementary instrument to enhance the water quality and biodiversity. Nevertheless, at a local 376 scale, inside the CW, the improvement of water quality is quite significant and, consequently, an 377 increase of biodiversity (phytoplankton, zooplankton and birds) has been found. In terms of their 378 area, the CW removed 0.74 g m -2 yr -1 which is very similar to the value obtained by Dunne et al.
379
(2012).
381 382
Phytoplankton and zooplankton results
384
The biovolume of phytoplankton decreased from the inlet (Fig. 4 , sites P1 or P3) to the outlet of the 385 constructed wetland cells (Fig. 4, 
403
The CW acted as a zooplankton nursery, increasing the concentration from the inlet to the outlet in 404 all three CW (Fig. 4) . In the case of TMCW and TLICW the highest increase is produced in the shallow 405 lagoons (sectors C). Just like in the physicochemical variables, the presence of a good coverage of 406 vegetation is a favourable aspect, being the system with greater plant cover, the one that most 407 zooplankton exports to the outside (TLICW). In this sense, a very important feature is the 408 development of cladocerans, filter feeders that will play a very important role in the Albufera Lake 409 (Calero et al. 2015) . Besides this, the biggest increase usually occurs in spring, coinciding with the 410 peaks of phytoplankton in the Albufera Lake, so that the creation of these artificial wetlands can be 411 considered a very useful measure to limit peaks of phytoplankton.
413
Sediments results
414
Sediments characteristics of the three CW are presented in 
423
In line with other studies, the concentration of nutrients and organic matter is generally higher in 424 the upper layer (Maine et al. 2007; Passoni et al. 2009 ), but in our case the difference was not 425 significant (p>0.05), around 4% for organic carbon and soluble phosphorus and 9% for total nitrogen.
426
However, unlike these other studies, no significant increases of nutrient and organic matter contents 427 have been observed over the study period, even in the closest sites to the inlet, likely because of the 428 lower input concentrations in water treated in this study, joined to the fact that processes in 429 sediments are more slow and changes are observed in a longer term period (Passoni et al. 2009 ). In 430 this sense, although the concentrations of organic carbon and total nitrogen are not so evident, the 431 C/N ratio did present a slight tendency to increase, indicating a gradual accumulation of C with 432 respect to N.
433
Regarding the comparison of the three CW studied, the main difference is that the sediment from 434 TPCW presented a higher concentration of soluble phosphorus. This finding, together with the lower 435 vegetation cover and increased sediment resuspension associated with lower water depth, helps to
CONCLUSIONS
440
Six constructed wetlands, five with free water surface flow and one with horizontal subsurface 441 flow have been studied for improving eutrophic waters. The results showed that HSSFCW is faster 442 than FWSCW reducing TSS, TP, TN, COD and phytoplankton, thus it needs less area to obtain similar 443 output concentrations. This is the main advantage of HSSFCW with regard to FWSCW. Completely 
456
In large-scale CWs, treating eutrophic water, the inlet loads associated with atmospheric 457 deposition should be considered, since they can represent an important percentage of total loads.
458
The development of multiple linear regression models has represented a simple and useful tool 459 to manage and design CWs treating eutrophic waters, especially in the case of HSSFCW for which the 460 goodness of fit has been especially good. 16.9
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